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DECLARATION OF ANDREW D. ELLINGTON UNDER 37 C.RR § 1.131 

I, Andrew D. Ellington, hereby declare as follows: 

1. I am the inventor of the subject matter of all claims currently pending in the referenced 
patent application. 

2. I understand that the Patent Examiner found the claimed subject matter of the referenced 
application to be anticipated by U.S. Patent No. 6,680,377. 

3. I am submitting this Declaration to set forth evidence that I invented the subject matter of 
the claimed invention prior to May 14, 1999, the priority date of U.S. Patent No. 6,680,377. 

4. All of the work described in this declaration was performed in the United States. 

5. Prior to May 14, 1999, I conceived of and reduced to practice a method of transducing a 
conformational change in a signaling aptamer upon binding a ligand to an optical signal as recited 
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in the pending claims. As evidence of this conception and reduction to practice I attach, as Exhibit 
1, pages from laboratory notebooks kept by two members of my laboratory, Sulay Jhaveri and 
Romy Kirby. I have sequentially numbered the lower left-hand corner of each page in Exhibit 1 for 
the purpose of referencing specific pages in this declaration. The studies described in these 
laboratory notebook pages were conducted under my direction, and neither Sulay Jhaveri nor Romy 
Kirby took part in the conception of the subject matter of the pending claims. All of the studies 
described in the laboratory notebook pages in Exhibit 1 were completed prior to May 14, 1999, and 
all of these laboratory notebook pages were dated prior to May 14, 1999; however, the dates have 
been redacted from the copies in Exhibit 1 . 

6. The design, synthesis, and purification of RNA-based signaling aptamers is described at 
pages 2-4 of Exhibit 1 . Page 3 describes the purpose and scheme for the design and use of 
signaling aptamers in fluorescence studies. As stated on page 3, the purpose of these studies was to 
create aptamers with fluorescent properties so that the binding of a ligand would induce a detectable 
change in fluorescence intensity. Also as stated on page 3, the study scheme involved synthesizing 
RNA aptamers that bind ATP, Arginine, and Theophylline, incorporating fluorescein and acridine 
phosphoramidites into various positions of the aptamers, and evaluating the fluorescent properties 
of these aptamers. In addition, the study scheme involved expanding the study to other RNA 
aptamers and other dyes, as well as looking at dose-dependent changes in fluorescence intensity 
upon binding of ligands, and testing the specificity of aptamer binding. 

7. Page 2 lists the sequences of eight aptamers designed for this study. The sequences labeled 
ATP-R, Theo-R, and Arg-R are non-labeled aptamers known to bind ATP, Theophylline, and 
Arginine, respectively. The signaling aptamers were designed based on the sequences of ATP-R, 
Theo-R, and Arg-R. The sequences of the signaling aptamers shown on page 2 indicate the 
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position of either fluorescein (F) or acridine (Ac). The signaling aptamer ATP-R-Acl3 is based on 
the RNA aptamer ATP-R, wherein acridine is at position 13. Signaling aptamers Theo-R-Ac27 
(acridine at position 27), Theo-R-AclO (acridine at position 10) and Theo-R-F (fluorescein at the 5' 
end) are signaling aptamers based on the Theo-R RNA aptamer. The signaling aptamer Arg-R-F 
(fluorescein at the 5' end) is based on the Arg-R RNA aptamer. 

8. Page 4 indicates how certain signaling aptamers were isolated. After the chemical syntheses 
of aptamers ATP-R-Acl3, Theo-R- Ac27 and Theo-R- Ac 10, the aptamers were run on 10% 
polyacrylamide gels using electrophoresis. Bands were excised that corresponded to the aptamers 
and the aptamers were extracted. Ultraviolet absorbency measurements were taken at 260 and 280 
nm in order to determine the quantity of aptamer recovered. As shown on page 4, the following 
amounts of each aptamer were recovered: 3.181 nmoles of ATP-R-Acl3, 2.448 and 2.326 nmoles 
of Theo-R-Ac27, and 4.407 nmoles of Theo-R-AclO. 

9. I next demonstrated that the signaling aptamer, ATP-R-Acl3, selectively bound ATP. 
These studies are shown on pages 5-8. Looking first to page 5, it describes that 10, 50 fil aliquots of 
ATP, ranging in concentration from 0 to 50 mM, were prepared and added to 200 [il aliquots of 
ATP-R-Acl3 (0.5 \M) solution such that the final concentration of ATP in 250 /il ranged from 0 to 
10 mM. Likewise, ten, 50 /xl aliquots of GTP, ranging in concentration from 0 to 50 mM, were 
prepared and added to 200 /xl aliquots of ATP-R-Acl3 (0.5 ^iM) solution such that the final 
concentration of GTP in 250 [il ranged from 0 to 10 mM. Fluorescence was measured for each 
sample, starting with Sample 1, which contained no ribonucleotide, and ending with Sample 10 
which contained 10 mM of ribonucleotide. The graph on page 6 shows that the fluorescence 
intensity (as measured by Relative Fluorescence Units (RFU)) of ATP-R-Acl3 increased in the 
presence of increasing amounts of ATP, but not GTP, thus demonstrating a change in the 
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fluorescence signal of ATP-R-Acl3 upon binding ATP and the specificity of ATP-R-Acl3 for 
ATP. As described on pages 7 and 8, specificity studies using ATP-R-Acl3 were also performed in 
the presence of the ribonucleotides CTP and UTP, and GTP once again. Looking first to page 7, 
ATP-R-Acl3, at a concentration of 0.5 |iM, was analyzed in the presence of 1000 ^iM of either 
ATP, CTP, UTP or GTP. An initial fluorescence scan was taken of the aptamer solution, then 
either ATP, GTP, CTP, or UTP was added and three more scans were taken of each sample with 1 
minute between scans. On page 8, the results of the fluorescence scans were averaged and graphed. 
A fluorescence scan of water was used to establish the base line for the graph. As the graph depicts, 
minimal fluorescence was detected with the CTP, UTP, and GTP samples compared with a 
relatively strong fluorescence signal associated with the presence of ATP. This indicates the 
specificity of ATP-R-Acl3 for ATP over these other ribonucleotides and indicates that the increase 
in fluorescence signal is the result of the signaling aptamer binding its ligand. 

10. I next demonstrated that the increase in fluorescence was quantitative. These studies are 
described on pages 9-10. Looking first to page 9, solutions of either ATP or GTP, ranging from 0 
to 500 mM, were combined with 0.5 \jM ATP-R-Ac13 such that the final concentration of 
ribonucleotide ranged from 0 to 100 mM. The fluorescence of each solution was monitored as 
shown on page 10. The graph and table on page 10 demonstrate the quantitative increase in 
fluorescence intensity emitted by ATP-R-Acl3 upon the addition of increasing amounts of ATP. 

1 1 . The design, synthesis, and purification of DNA-based, ATP-binding signaling aptamers is 
described at pages 11-12 of Exhibit 1. As listed on page 11, the first aptamer described has 
fluorescein at the 5' end and is called 28.ST3F. Fluorescein is at position 7 in the second aptamer, 
called 27.ST2F. The third signaling aptamer, called 28.ST1F (later termed DFL7-8), incorporates 
fluorescein in between positions 7 and 8. 
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12. As described on page 12, the aptamers were purified by polyacrylamide gel electrophoresis 
and precipitated. Page 12 also depicts a binding buffer composition (NaCl, Tris, MgCl 2 and water) 
that was prepared and tested. 

13. I next determined that there was a change in fluorescence behavior of DFL7-8 upon the 
addition of ATP. As shown on page 13, Relative Fluorescence Units (RFU, middle column) 
increased as increasing concentrations of ATP (right-hand column) were added to the DFL7-8 
solution (49 nM DFL7-8). 

14. I next determined that the increase in fluorescence intensity was quantitative. As described 
on page 14, one milliliter of the aptamer solution (150 nM DFL7-8) was pipetted into a fluorimeter 
cell, and 20 mM ATP was added in 2 nL aliquots such that the concentration of ATP was gradually 
increased from 0 to 600 /iM. As recorded on page 14, the relative fluorescence intensity increased 
with the corresponding increase in ATP concentration, thus demonstrating that fluorescence 
detection of ATP using the DFL7-8 aptamer is quantitative. The specificity of DFL7-8 for ATP 
and not GTP was also demonstrated. Two microliter increments of 20 mM solutions of GTP were 
added to a solution of DFL7-8 (150 nM) such that the concentration of GTP was gradually 
increased from 0 to 600 /xM and the fluorescence measured. As the graph on page 14 indicates, no 
fluorescence response was detected upon the addition of increasing amounts of GTP. Thus, DFL7- 
8 is specific for ATP. 

15. Other ribonucleotides proved unresponsive in fluorescence studies with DFL7-8, as 
demonstrated on page 15, thus bolstering the evidence that the signaling aptamer is specific for 
ATP. To a 150 nM solution of DFL7-8 were added increasing concentrations (200, 400 and 600 
pM) of either GTP, CTP or UTP, and fluorescence measurements were taken. The graph and table 
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on page 15 indicate that GTP, CTP and UTP showed no fluorescence response in comparison to the 
strong response seen with ATP. Thus, DFL7-8 is specific for ATP over the other ribonucleotides. 

16. I next demonstrated that DFL7-8 could be used to detect ATP in a smaller volume on a 
plate. As shown on page 16, an increase in fluorescence intensity resulted when ATP was added in 
increasing concentrations to a smaller volume (150 |iL) of DFL7-8 (100 nM) on a plate. 
Fluorescence measurements were taken using a fluorescence plate reader. As shown in the table on 
page 16, as the concentration of ATP increased (left-hand column), the relative fluorescence 
intensity increased (right-hand column). 

17. To demonstrate that the signaling capability of DFL7-8 was due to the presence of the 
fluorescein molecule and to the signaling aptamer's binding of its target, two additional aptamers 
were constructed as controls and used in ATP binding studies. As described on page 17, these two 
additional aptamers were a nonfluorescently labeled aptamer that binds ATP (NF-FL), and a DFL7- 
8 mutant incapable of binding ATP (Mut DFL7-8). ATP (250 yM) was added to solutions of 
DFL7-8, NF-FL, and Mut DFL 7-8 and the fluorescence measured. As the graph on page 17 
indicates, the NF-FL and mutant aptamers showed no fluorescence response relative to that seen 
with DFL7-8. This demonstrated that the conformational changes in DFL7-8 upon binding of ATP 
are responsible for the change in fluorescence intensity. 

18. In conclusion, I reduced to practice a method of transducing a conformational change in a 
signaling aptamer upon binding a ligand to an optical signal as recited in the current claims prior to 
May 14, 1999. As described above and in Exhibit 1, 1 designed and evaluated both RNA-based and 
DNA-based signaling aptamers labeled with either fluorescein or acridine reporter molecules. 
Furthermore, I demonstrated that upon binding to their ligand, these signaling aptamers underwent 
a conformational change that produced a detectable increase in fluorescense intensity. I also 
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demonstrated that these signaling aptamers specifically bound their ligand, and that the increase in 
fluorescence intensity in the presence of ligand was quantitative. 
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19. T hereby declare that all statements made of my own knowledge are true and all statements 
made on information are believed to be true and further that the statements were made with the 
knowledge that willful false statements and the like so made are punishable by fine or 
imprisonment or both under § 1001 of Title 18 of the United States Code, and that such willful false 
statements may jeopardize the validity of this application or any patent issued thereon. 
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Signaling Aptamers (Ac = acridine; F = fluorescein) 



ATP-R 5' ggg UUg ggA AgA AAC UgU ggC ACU UCg gUg CCA gCA ACC C 3' 
ATP-R-Acl3 5' ggg UUg ggA AgA (Ac) AC UgU ggC ACU UCg gUg CCA gCA ACC C 3' 

Theo-R 5' ggC gAU ACC AgC CgA AAg gCC CUU ggC AgC gUC 3' 
Theo-R-Ac27 5' ggC gAU ACC AgC CgA AAg gCC CUU gg(Ac) AgC gUC 3' 
Theo-R- Ac 10 5' ggC gAU ACC (Ac)gC CgA AAg gCC CUU ggC AgC gUC 3' 
Theo-R-F 5 ' Fgg CgA UAC CAg CCg AAA ggC CCU Ugg C Ag CgU C 3 ' 

Arg-R 5' gAC Agg UAg gUC gCA CgA AAg UgA Agg AgC gUC 3' 
Arg-R-F 5' gAC Agg UAg gUC gCA CgA AAg UgA Agg AgC gUC 3' 
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